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N ABSTRACT
307
Photometric observations of auroras were made with the

satellite Injun III at altitudes of 250 to about 600 km over
North Americe early in 1963. Simultanecus observations of the
precipitated electrons which caused the surora and of trapped
electrons were made with the magnetically-oriented satellite.
The auroral zone, as defined on some fifty latitude surveys

of the brightness of the n;’ emission at 3914 A, showed an
average maximum brightness of about 2 kilorayleighs at an
Invariant latitude (A.) eround 69° on the magnetic shell

L =7.8. Several visible suroras are discussed in detail. It
is suggested that the auroras delinested the ocuter edge of the
region of durable trapping of Van Allen electrons and that the
electrons causing the auraras and having an isotropic angular
distribution over the upper hemisphere at the satellite altitude
were mostly freshly accelerated rather than old electrons of the
Van Allen bélts with similar energy. In two auroras measﬁred
by the satellite near perigee, less than 0.1% of the oxygen
5577 f\ emission came fram eltitudes above 250 km. Hence, the
flux of electrons of energy ~ 10 eV was no larger than the flux

of those with ~ 10 keV. R VT Koo




INTRODUCTION

Many auroras are caused by excitation of atmospheric
constituents by intense fluxes of charged particles. The most
important bombarding fluxes are electrons with energy (E) of
order 10 keV /McIlwain, 1960; Davis, Berg, and Meredith, 1960/.
It is then of interest to find the cause of the bombarding
particles, i.e., the mechenism that determines their spatial,
temporel, end spectrel characteristics [see review by Cmholt,
1963/. Essential to such an investigatiom 1s knowledge of the
"source" region fram which the particles come.

When charged particles were found to be trapped in the
geamagnetic field at radial distances up to same 40,000 kilo-
meters /[Van Allen, McIlwain, end Iudwig, 1959; Van Allen and
Frank, 1959/ it was often suggested that they might be such a
source or & reservoir that, quring a geamegnetic disturbance,
would overflow and spill intense fluxes of charged particles
into the atxiosphere to cause an aurora. This concept in its
simplest form came to be described as the "leaky bucket” model
of the outer Van Allen zone.

One of us attempted to study the interrelation of the
cuter Van Allen zone and auroras by cambining measurements of
particles by the satellite Explorer VII with ground-based
observations of suroras. In the eighteen-month life of the



satellite, only one occasion (on November 28, 1959) was found
when the satellite was over an aurcra and when (a) adequate
telemetry was being received; (b) the moon was not bright; and
{c) a useful observer was nearly underneath the aurors with
(d) his vision not obscured by clouds.

But besides the rarity of favorable conditions for such
coordinated satellite- and ground-based observations, the particle
detectors on Explorer VII were inadequate in several ways. They
gave essentlally no reliaeble Information on either the particle
type or energy, and they measured only omnidirectional particle
fluxes so that we could not determine what proportion of the
particles was trzpped end, indeed, could not prove that eny of
the particle flx was actually plunging into the atmosphere.

An attempt was mede in the study /C'Brien et al., 196G/ to deduce
quantitatife rzlations on the basis of then-current understand-
ing of the perti~les causing a shlelded Gelge» to count in the
outer zome., Our later studies have skown that the assuaptions
made in the aunalysis of these Explorer VII data were greatly

in error.

A more satisfactory methed of studying the interrelation-
ship of outer zone and avroras is to equip a satelilite with
instrumentation tc measure both. One of us /B. J. O'Brien/
tried to do this with the State University cf Iowe satellite

Injun I, It was planned to arient one axis of the satellite




perallel to the geamagnetic vectar B, and point a photameter
down it to view the graamd (or hopefully en aurora) while other
directional detectors measured the particle fluxes. Injun I
was launched on June 29, 1961, and operated for sbout eighteen
months,

Unfortunately, however, a malfunction at launch prevented
the intended separation of Injun I fram the Navel Research
Iaboratory satellite Greb, although the separation fram the
other satellite in the triple leunching (Transit IVA) did
occur, Greb, housed in a twenty-inch diemeter highly-polished
alunimm sphere, completely f£ills the field of view of the
Injun I photameter. Comsequently, no useful auroral or alrglow
photapetric data were obtained with Injun I slthough the
photcmeter cperated for the life of the satellite, (It is
conceivable that the data could yileld information about the
effect on the alumimum reflectivity of eighteen months'
bambardment by micrometeorites, but we have not made this
analysis.)

The Injun I particle detectors did provide important
‘information on the source of aurcral particles, i.e., of those
particles that bambard the atmosphere to cause auroras. They
showed that the particles were precipitated fram a source above
the satellite altitude (viz., 1000 km), that high intensities

were precipitated in the daytime as well as at night, and they



indicated a crude similarity between the average latitude
profile of precipitated electrons with E, % 40 keV end the
latitude profile of occurrence of aurcras viewed by ground-
based observers during the I.G.Y, [For summary of relevant
Injun I findings, see O'Brien, 196,/ But such statistical
studies are clearly not as reliable as detailed analyses of
individual events, since the phenomena are so variable.

Again an attempt was made to study surcras and the
outer zone simultaneously by putting two photometers and several
particle detectors on the satellite Injun II. This satellite
was destroyed in an asbortive launch on January 24, 1962.

So another attempt was made by putting three photometers
and elghteen particle detectors on Injun III. This attempt has
proven successful, and we repaxrt preliminary results in this
note. The satellite is still operating at the time of writing
(August 1963) and further studies of the data are being made.

A number of other studies have been made of the relatiomn-
ship between fluxes of charggd particles and visible auroras.
The first direct detection of particles associated with the
auroral zone came in & series of rockoon experiments by the
Iowa group [See review by Van Allen, 1957]. At altitudes of
~ 100 km, large fluxes of electrons of ~ 100 keV energy were
fwndintheregionottheauzforel zone but aot at higher or

lower latitudes. There were no fligh . at night or during aurcoras.



Then during the I.G.Y. rockets were fired successfully
into visible auroras. These found that large fluxes of low-
energy electrons (Ee ~ 10 keV) were causing the excitation of
the auraras /McIlwain, 1960; Davis et al., 1960/. The electron
fluxes were found anly 1n the regions emitting light. However,
protons were found ocutside these regioms as well as inside.
The major contribution to the particle energy came fram the
electrans. McDwain /1 estimated that the totel ener
emitted as visible light was asbout 0.2% of the total electran
flux,

An extended series of balloon-borne experiments also
gives much information on association of auroras and particle
fluxes banbarding the atmosphere. The Minnesota group
[Bee Winckler, 19617 and the Iowa and California groups
[see Andersomn, 1960; Brown, 1961/ made many flights at
different latitudes. Generally speaking, the x-rays
(caused by electrons bambarding the atmosphere) detected by the
balloons displayed little correlatiom with visible auraras in
the auroral zame, but at lower latitudes intense fluxes of
x-rays were seen during great auroral displays.

Recently, balloon observations in the auroral zone have
gliven evidence of some relaticns between x-rays and an auroral
glow [Andersan and DeWitt, 1963/. The analysis indicated that

in one event perhaps all the auroral glow could have been excited



by electrons with energy Ee ~ 10 keV, whereas previous studies
by the same workers suggested that distinct auroral arcs
might have been caused by electrons with lower emergles,
undetectable by the balloon experiments.

A study was made of satellite (Explorer VI) observations
of the outer radiation zone, and slmultaneous balloon-borne
detection of x-rays and ground-based sighting of auroras
[Arnoldy, Hoffman, Winckler, and Akssofu, 1962/. Again the
satellite detectors, like those in Explorer VII, were imperfect
for quantitative studies of particle outflux. Clearly,
similtaneous observation of both auroras and particles by
instrumentetion on the same satellite is desirable. Such
observationsl_a.re reported here.

Furthermare, the very techniques of observing auroras
from a8 satellite afford possibilities for useful studies of
the euroras themselves. For example, the concept of an
"auroral zome" has been used for many years. As usually
defined, this 1s the region_ where auroras are most commonm,
in a zome around magnetic latitude A ~ 67° [Vestine and
Sibley, 1960; Davis, 19@ « We will discuss 1in this note
how the satellite-~borne photometers make a latitude survey of
auroral light several times each night, thereby enabling us to

delineate "auroral zones" in essentially a time-stationary
state,




EXPERIMENTAL APPARATUS

The satellite IrMjun III was launched on December 13,
1962 into an orbit with initial apogee altitude 2785 km, perigee
altitude 237 lm, period 116 minutes, and inclinatiom 70.4°,

The satellite is magnetically oriented, so that ome axis is
aligned with the local geamagnetic vector B> [ee 0'Brien,
Iaughlin, and Gurnett, 1963, hereinafter referred to as

Part I). Three photameters whose characteristics are listed
in Table I have their optical axes parallel to this axis.

Two of them view the ground at high latitudes in the Northern
Bemisphere and the other views the ground at high latitudes in
the Southern Hemisphere. At equatorial latitudes, they are all
horizontal. Orientation in ell studies made in this note was
always within 4° to 5), and the two aspect sensors permit
determinaticn of the orientation to about 1° accuracy.

Each photarster is an Ascop type 5u4l1-A, selected for
high gain anl low dark cwrrent. Incident light pesses through
a two-inch diameter Baird-Atomic mltilayer interference filter,
then through a three-inch focal length converging lens. At the
focus of tha lens is the aperture defining the field of view of
about ten degrees in dlamcter. The 1light then diverges and

covers about £ifty percent of the photocathode.
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The spectral resoclution of the filters is shown in
Figure 1, and the angular resolution of the photameters in
Figure 2. The filters were chosen to have wide passbands of
about 50 A for two reasons: (1) So that the temperature changes
would not shift the wavelength of peek transmission away from
the spectral emission wavelength, and (2) so that the emissions
fram the edges of the field of view would not be vignetted by
the shift in the fllter spectral passband due to the oblique
angle of incidence.

The fleld of view was made about ten degrees wide so that
even if payload orientation was several degrees away from
alignment with B> and even with a significant curvature of the
field lines between the satellite and 100 kilameters altitude,
the photameter field of view would still include that portion
of the atmosphere bambarded by the particle flux whose
characteristics were sampled by the satellite. The photameters
may also see auroras caused by particle fluxes whkich passed
several kilameters (or many cyclotron radii) from the satellite,
and this must be recognized in the analysis which follows.

Electronic deteils and calibration cof the phctameters
are described in Appendices I and II to this paper. Because
this is the first report of cbservetions of auroral light by
satellite-borne apparatus, it is important to recognize possible

causes of conteaminstion of the data, and these are discussed




in Appendix III. A plot of photameter data for ome pass over
North America is shown in Figure 3, and this illustrates two
possible types of contamination.

In practice contamination of the data is minimized in
several ways (see Appendix III). In particuler, in this pre-
liminary note, we study only euroral emissions, and subtract
- from the signal in each event a background signal estimated by
interpoiating between the constant signal cn the low=latitude
side of the aurorsl event and that on the high-latitude side.

We therefore have subtrected not only thermionic dark current

of the photameters and their enhanced dark current due to previous
x-ray bambardment, but also any airglow coatribution. The
technique is illustrated in Figure 3 with a dashed line giving
the level of contemination of the signal from New York,

Bo Southern Hemisphere data are reported here, but the
Southern Hemisphere photometer 1s used in observations over
North America to insure thet thermionic and x-ray induced dark
currents are negligible (see Appendix III). The temperature of
a photameter 1s telemetered to the ground every four seconds,
so that the thermionic dark current can be estimnted accurately
fram pre-launch calibrations. The 5577 i Northern Hemisphere
photaneter operates sometimes when the satellite is commanded om
and power is applied to the detectors, but on many passes it does

not. We attribute this intermittent bebavior to intermittent



sterting of its high-voltage power supply or its analog-to-
digitel comverter (see Appendix I), and when it does operate
it gives data consistent with pre-lsunch calibrations.

In general, this study treats data mainly from the
3914 X photameter, which hal the advantages that any alrglow
contamination is negligible and that the light intensity emitted
by the atmosphere is proportional to the auroral ionization and
free of de-excitation effects /[See Chamberlein, 1961/.

Several other detectors on Injun III are used in this
iavestigation of the relations between particle fluxes and
auroras. Only a brief description of these particle detectars
is given here because they are described in detaill by O'Brien,
Isughlin, end Gurnett /I963/ in the paper called Part I. Their
use in the analysls of the spectrum of electrons is described
by Iaughlin, Fritz, and Stilwell 1963/ or Part II. The dynamics
of electron precipitation, which causes auroras, are discussed
by O'Brien /1963/, in Part III. Association of particle
precipitation, aurores, and very low frequency electromegnetic
radiation is treated in Part V by Gurnett and O'Brien /I1963/.

There are four detectors of particular interest for this
note, Three are directional thin-windowed Geiger tubes that
detect electrons with energy E_ 2 40 keV and protons with
energy E, Z 500 keV. The satellite is magnetically oriented,

end ane Celger points back up along the geamagnetic field
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vectar B?, another polnts at 130° to B7, and the cther st right
angles to B7. The three Geiger tubes detect particles whose
pitch angle () is suclh that (a) 0° £ a < 43°,

(b) 37° £ a £ 63°, and (c) TT®° £ @ < 103°, respectively.
Particles in group (c) are generally trapped at most Injun III
eltitudes, and those in group (a) are generally in the loss
cane, i.e., on their way down into the atmosphere. Those in
group (t) are sometimes all trapped or g1l precipitated, or a
mixture of both, depending on the satellite altitude ar,
specifically, on the local magnetic field B gauss. If we assume
that the magnetic mament invariant is conserved below the
satellite (see Part III) the pitch angle (@) of the particles
at B is glven by

si.n2 o

B = copstant

and the loss come 1is definedbyanwhere

2

sin

__ﬁ“n_tl .
B100 1m

The range coveredbyaDover Borth America is tabulated in Part III.
The fourth particle detector of special interest here 1s

the electron multiplier, which also points at a@ = 50°, This has

a thin nickel foil over it vhose thickness (86 wg cu =) 1s the

seme as the thickness of the residual atmosphere above ebout
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120 km. Electrons and protons that can penetrate the foil
and be detected therefore could have penetrated to auroral
altitudes of around 100 km provided they were in the loss cone.
In general for convenience this electron multiplier 1s referred
to as a detector of electrons with energy E, 2 10 keV. In
fact, it bhas a finite efficiency of detecting electrans with
energies down to ~ 5 keV (see Part I). Other detectors om the
payload can be used to derive the actual electron epergy
spectrun (see Part II).
The three directional Geiger tubes are used to derive a
pltcheangle distribution for electrons with energles
E, > 40 keV, and it is assumed that this pitch-engle distribu-
tion 1s independent of emergy for E, ~ 100 keV (see Part III).
Other detectors on the satellite are used to esteblish
that in ell auroral events studied by us to date, electrouns

rather than protons are the daminant constituent in radiation

of a given penetrability. We cannot exclude the possibility
that there are say, as many protcns em? sec™t with energy

1 with the same

Ep ~ 40 eV as there are electrans cm = sec”
energy, but such protons are not as penetrating as such electrons.

Therefore only electron fluxes are discussed below.




IATITUDE SURVEYS OF AURORAL LIGHT

Data discussed here came from moonless night passes
over Forth America from January through March 1963 when the
satellite was magnetically oriented (see Appendix III).
'mecoxmtingrateofthe391h£is shown in Figure 3
for a mid-latitude pass over North America. In high-latitude
pesses, the signal always increases significantly in the vicinity
of the auroral zone. In order to display many such results, the
data in this note are plotted against a parsmeter (A ) termed the
"invariant latitude" [see 0'Brien, 1962/ derived simply from

the L coordinate of McIlwain /i961/ by the relation
L <:c:»s2 A =1,

The invariant latitude - 1s used here because the parameter L
is found to be very useful in introducing order .into studies of
trepped particles /McIlwain, 1961/ and because it is derived
from a much higher order expression for (and hence, a more
accurate description of) the geamagnetic field than is the usual
expression of a magnetic latitude. Vestine and Sibley /19607
have discussed extensively the use of lnvarlants of particle
motion in plotting esuroral zoues, and tle parameter A is a
patural extension of their work, replacing their two coordinates

B and I with one coardinate A .
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In practice, over North America where the following data
were derived, A differs from the geomagnetic latitude A by
generally less than two degrees, so the two may be treated as
essentially the seme for most purposes [see O'Brien, 1965/.

Plots of three passes of the 391k R photometer over high
latitudes are shown in Figure L. These were chosen merely to
11lustrate the varisbility of the detalled latitude dependence
of the 3914 1; emission, and the manner in which it alweys
reaches a maximm scamewhere in the vicinity of the classicel
auroral zome at invariant latitudes around (67 + 5)° Hote that
in Figure 4, the "background" signals have been subtracted from
the photometer counting rates before they were plotted. In each
case the background rates were less than ten counts per frame,
so that the corrections had a negligible effect on all of the
latitude profiles except the very felnt edges of the emissioms.

To provide a summary of about fifty such latitude profiles
(not all of them over the camplete range of latitude) a scatter
disgram is shown in Figure 5. The variation in brightness at
a given latitude in the auroral zone is large, but the scatter
diagram reveals that there 1s alweys scme 3914 l; aurorsl emission.
A similar scatter diagram of precipitation of electrons with
E, > 40 keV shows that there is also always precipitation in the

aurcral zone (see Figure 16 and associated discussion in Part III).
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For convenience, and to provide a summary, the data of
Figure 5 were used to cbtain both a mefisn intensity and an
averege intensity latitude profile of auroral ligiat. Taese are
shown in Figure 6, together with the aurcral zome fitted by
Vestine [IoWL/ from visual cbservations of curoras.

The curve of Vestine /IGLL/ is not really comparable
with our curves because it depicts surorel isochasms, representing
locaticns where auroras cen be seen anywhere in the sky, rather
than lsoaurcrals where the auroras are plotied if they are over-
head, or, as with Injun III, underneath., Furthermore, Vestine's
curve has been shown /Vestine and Sibley, 1960/ to be a few
degrees too far north in the vicinity of Hudson's Bay, where
many of the Injun measurements were mede. Also, of course,
the physicel significance of curves such as that of Vestine
is not at all clear, because they do not refer to an
instantaneous probebility of sceing an aurora, but rather to
the probability of secelng one any time during a night. Other
studies, such as that of Roech et al. /I360/ refer to shorter
time ccastants; for example, fifteen minutes or so., The
Injun III observaticas refer to times of the order of a few

seconds and, therefore, approach very closely the desired comcept

of an instantanecus measurement. The raw data are shown in

Figure 5, so that a probsbility of the auroral emission being

above a certain threshold (e.g., the visual threshold) cen be
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derived by the reader. The data presented here comtain the
additional infarmation (which 1s lost in any curve such as
Vestine's) sbout the intensity of the phencmens.

These preliminary findings can be summarized by stating
that during Januery and Februery, 1963, over North America, the
maximum aversge intensity and the maximum medlan intensity of
auroral 391k 1‘-; light occurred on the magnetic shell
L = (7.8 + 0.7) or at an inveriant latitude <\ = (69 +1)°.
The latitude profiles were gbout 5° wide at half the peak
intensity.

During the night of February 28, 1963, the 5577 A
Northern Hemisphere photcmeter operated on cammand over College,
Alssgka, Plots of its counting rate are shown on a map of the
satellite trajectory in Figure 7, so as to illustrate the spatial
extent of typical latitude surveys. The field of view of the
photameter is also shown in the figure. In Figure 7, no attempt
has been made to subtract a background counting rate. It can
then be seen how the counting rates tend to become constent on
each side of the auroral events. This constant level is
daminantly due to the airglow emission at 5577 Z\, as in these
cases the contamination of the 5577 ;x photameter due to
thermionic and x-ray-induced dark current was less than ten
percent of the airglow signel. The airglow was estimated to

be about 300 rayleighs, which is a reasconable value Eee
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Roach et al., 1960/. Unfortunately, clouds cbscured ground-
based observations of these auroras, although same auroral light
ves detected [B. Ramick, private camunicsticd/ .

(ne of the interesting problems in aurorel and airglow
studies is simply to determine the relastive contribution of each
phencmenon in a given emission, and indeed to ascertain whether
the two phenamena are actually different in the sense that they
have different origins /see Roach et el., 1960; and Chamberlain,
1961/. In this note a signal is deemed to be fram airglow if

it is weak (less than ~ 500 rayleighs). One of the features

‘ genéra.lly used to discriminate between aurora and airglow is

the ratio (R) of the intemsity of 5577 A to the intensity of
3914 ;\. The 55T7 Z emission fram etomic oxygen requires an
excitation energy much less than the 391k ;\ from ionized
moleculer nitrogen, and the fact that R i1s = 10 in airglow
but of order unity in aurora is often cited &s evidence that
airglow is excited by chemical means while an aurora is excited
by particle bambardment /see Chamberlain, 1961/. While the
interrelatiocn of aurara and airglow is not examined in detail
here, 3914 ;\ and 5577 on intensities are plotted against one
another in Figure 8, for the two passes shown in Figure 7. The
pumbers plotted are the instantaneous intensities of 5577 :\
and 3014 ;\minns the background signal including airglow for
each., Thus the plotted data are brightnesses of each auroral

emission throughout the two auroral events.
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The plotted points lie about a line with a forty-five
degree slope, i.e., a line drawn on the assumption that R is
constant throughout an auroral pass and from one pass to
another. Figure 8 provides an added measure of confidence in

[+]
the response of the 3914 A photometer.




SIMULTANEOUS OBSERVATION OF PARTICLE FIUXES AND AURORA

As the photameters on Injun III point dovn B” to view
an aurcre, other instrumentation on the satellite measures the
precipitated particles causing the aurora, and also trapped
particles that are mirroring near the satellite altitude.
Samples of such measurements are shown in Figures 9 and 10,
The only particle data plotted in these figures are those
obtained by the Geiger counters, measuring electrons with
energy E, R 40 keV. While the electron multiplier and the
d.c. scintillator show significant responses at the peak of the
auroral emissions, thelir sensitivities are so low that the
dynamic range they cover 1s only about an order of magnitude
in these events, while the Geiger tubes and the photameters very
over two to four orders of magnitude. The response of the
electron miltiplier for such events 1s discussed in Part II,
and we make use of that treatment here.

Consider first the electrons with E > kO keV. In
Figures 9 and 10 it can be seen how the flux of trapped

electrons (with a ~ 90°) is large (of order 10" to

10° particles em? sec™t

sterad™}) at midlatitudes, as

usual (see Parts II and III). The flux of these particles
increases greatly in the general vicinity of the aurora, end
then decreases by a factor of one thousand or so at the high-

latitude boundary.



The flux of precipitated or "dumped" particles was
estimated in Figure 9 fram the Gelger tube detecting particles
with @ ~ 50°, and in Fisurezvl.o fram that detecting particles
vith @ ~ 0°. At low latitudes'or 2 S 1 %3 1n Figure 9,
particles vith @ ~ 50° were ectually trapped at the satellite
altitude. The flux of precipitated electrons in both passes may
therefore be considered to rise fram low levels (. <103 or

L steraa™!) at midiatitudes,

perhaps 10° perticles em™® gee
to very large fluxes over the aurora, then to deciease at
higher latitudes in much the same manner as do the fluxes of
electrons with a ~ 90°, the so-called "trapped" particles.
(We discuss below and in Part III the extent to which they are
truly trapped.)

In Figure 10, the lower-energy electrons (with
E, % 10 keV) reached their maximm flux within two seconds of
the time (i.e., the time in the satellite freme of reference)
vhen both the electrons with E, > 40 keV and the euroral light
were at their maxirim intensity. The electron encrgy spectrum
vas very much harder in Figure 9 than in Figure 10, and no useful
detailed analysis of electrons with E o % 10 keV can be made far
Figure 9, In fact, the peak flux of electrons with
E_ ® 10 keV was about three times larger in Figure 10 then
in Figure 9 even though the flux of electrons with

E, ® 40 keV was sbout ten times smaller. This great difference
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in the electran spectrum (which may be associated in part with
the different latitude of occurence) makes detailed camparison
of the events jmpractical.

A further problem in anaslysis of the interrelation of
particle fluxes and aurcral light arises because eame of the
auroral light is generated by particles that passed many
cyclotron radii away from the satellite, and suc’ particle
fluxes conceivebly can be quite different fram the flux
analyzed by the satellite instrumentatiom.

Nevertheless, we consider that several generalizations
can be made from analysis of many passes such as those shown in |
Figures 9 and 10.

First, auroral light is emitted fram those regions where
intense fluxes of electrons are bambarding the atmosphere.

Fram Injun I and Injun 111 observations, these electrons are
generated at altitudes above ~ 1000 km.

Second, the energy spectra of electron fluxes ceusing auroras
can vary enormously, both during a satellite pass and from ome
pass to another. (See also Part II.)

Third, the electron fluxes over an aurcra tend to be
isotropic over the upper hemisphere when measured at altitudes
between ~ 250 km end at least 600 km (see also Part III). This
implies that the flux is probebly isotropic when it bombards

the atmosphere at an altitude of ~ 100 km [see also Davis et al.,

1960/ .
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Fourth, the aurora is brightest near the high-latitude
boundary of "trapped" perticles. |

Fifth, the low-latitude edge of an aurcra begins in the
region where significant precipitation of electromns with
E, » 140 keV 1s occurring, but there is save indication that a
weak portion of the aurora may persist to higher la.tifudes than
does such precipitation. Auroral light in such high-iatitude
regions may be excited by low-energy (Ee ~ 10 keV) electrons in
fluxes too small to be measured in this experiment. This would
imply that the electron energy spectrum has & tendency to be

softer at higker latitudes [See also Part II and O'Brien, 19€%/.
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COMMENTS ON THE ENERGY SPECTRA

As stated sbove and by other workers /e.g., McIlwain,
1960/ the energy spectre of electrons csusing aurcras change
during an event and from event to event. Relatively little
theoretical work has been done on the significance of these
spectral observations. McIlwain [1960/ suggested that his
detection of what was essentielly s monoenergetic flux in one
event might imply that an electrostatic acceleration mechanism
was at work. One of the features of suroras relevant to these
considerations is the fact that most auroral arcs are brightest
at altitudes of around 100 to 110 kilometers /see Chamberlain,
1961]/. An immediate implicetion 1s that perhaps the electrans
generally have at least a few kilovolts of energy, sufficient
to penetrate to such depths in the atmosphere. Such a conclusion
would clearly be important in studies of possible source
mechanisms. But study of electrons with energy between a few
eV and a few keV is technically difficult, and relatively few
direct measurements have been made. Davis et al. /1960/
showed in rocket flights that the spectrum did not steepen
greatly at low energies of a few tens of eV, but their
measurements were near their limit of resoluticn.

The upward-viewing and the downward-viewing 5577 A photo-

meters in Injun ITI were bath operstive when the satellite
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passed above the maximum brightness of the two aurcras on
February 28 indiceted in Figure 7. The satellite was near
perigee, at sbout 250-km altitude, at the time, so that the
relative intensities of 5577 :\ emitted above and below 250-km
altitude can be determined. In these two events, the counting
rate of the upward-viewing photometer changed by (+4 + 4)%

in the first pass and by (O + 4)% in the second pasﬁ at the
locations of the peak brightness. These results are consistent
with zero changes, and they show that the intensity of 5577 ;.
light emitted above 250-lkm altitude was less than about 0.1%
of that emitted below 250~km altitude. This implies that the
number flux of 10 eV electrons is no larger than the number
flux of 10 keV electraons causing the main aurores. Yet the
energy spectra are relatively steep at energles above ~ 10 to
20 keV, These facts must be explained by any theoretical

acceleration mechanism.



ENERGY FIUXES PRECIPITATED IN AURORAS

The average maximum intensity of 3914 lo\was about

(2 :11*.6) kilorayleighs. (See Appendix II for discussion of the
accuracy of this estimate.) Fram such a measure we can estimate
the average energy flux of electrons precipitated into the
atmosphere at the seme location. Chamberlain /I961] quotes
estimates that about 2¢ of the ionizing collisions result in
excitation of K, to give 3914 K, and if we take 35 eV as the
average energy loss per collision, then the average energy

flux of electrons precipitated into the atmosphere at A ~ 69°

1s calculated to be 5 erg cm 2

sec™! for a 3914 A brightpess

of 2 kilorayleighs, Such an energy flux is in egreement

with the estimates derived directly fram perticle measurements
alone [see O'Erien, 1962, and Pert III/. These particle measure-
nents from both Injun I and Injun III found an average
precipitated flux of electroms with E, > 40 keV to be

1

~ b x 10° particles cm © sec™ in the suraral zone, and that

the assoclated flux of electrons with energy Ee = 1 keV is

2 sec”l. These numbers should be considered

sbout U ergs cm”
as accurate to a factor of about three,

These results show that the average energy required to
sustain auroras and high-latitude particle precipitation around

the world 1s of order 10:L8 ergs/sec. By ccuparison, the average



28

energy brought to the front of the megnetosphere by the solar

wind 1s of order 10°° ergs/sec.

Only one previous experiment has measured the efficiency
of excitation of eurcral light directly. McIlwain /19607
found that the energy flux emitted as visible light was about
0.2% of the total energy deposited by electrons. The excitation
efficiency is not dlscussed in detail here because the calibra-
tions of the satellite instruments are still being refined and
because the particle detectors and the optical detectors
sample fluxes over very different dimensicns (or arder 100 meters
for the particles and 40 km for the 1light)., However, our
preliminary values for the excitation of light indicate an
excitation efficiency more nearly one percent than one tenth
of one percent. Theoretical estimates predict an efficiehcy
of order one percent [see Chamberlain, 1961/. These results
are only preliminary and further studies are being made.

It is useful to note here that about ten percent of the
electrans with E, 3 4O keV being precipiteted are back-
scattered by the atmosphere (see Part III). If these are
able to travel to the opposite hemisphere without significent
perturbation by the acceleration mechanism that generated
them in the first place, they will producé ionization and
aurora near the conjugate point. This effect may be negligible

if acceleration mechanismgcause primary precipitation in
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both bemispheres at near-canjugate points, as the data fram
balloon-barne detectors indicate /Brown, Andersom, Anger, end
Evens, 19637.
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INTERRELATIONS OF AURORAS AND VAN ALLEN RADIATION

It has been apparent for some years that dynamic mechanisms
must accelerate electrons in the magnetosphere so that -
precipitation ensues to cause an aurora. The concept of the
"leaky bucket", wherein trepped electrons have their
trajectaries placed in the loss cone without their being
energized, is inconsistent with many observations (see discussion
in Part III). We examine briefly here what the interrelation
of aurcras and Van Allen electroms may be, although any such
discussion is essentially in the hand-waving stage because
detailed theoretical models do not exist to be tested. The
dynamics of particle precipitatiocn and the acceleration mechanlsms
are discussed in Part IJII.

From Figure 5 and fram meny previous studies /Chamberlain,
19@ it is seen that suroras occur not only in the usual
aurorel zone arcund % ~ 65°, but also at much lower latitudes.
The low-latitude auroras occur during large magnetic storms.
Similarly, the high<latitude boundary of trapping of Van Allen
electrons occurs commonly in the auroral zonme, but during
large magnetic storms it moves to lower latitudes. Further-
more, both the aurora and the boundary of trapping show similar
diurnal variations in their movement in latitude, occurring

some 5° closer to the equator around midnight than during the
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day. So both phenomena show similar spatisl behavior on a
statistical basis.

Figures 9 and 10 show that the similarity exists also in
individual events, where Figure 9 applies to a low-latitude
aurora. The study with Explover VII in 1959 /O'Brien et al.,
1960/ showed & similar effect, in that case at L ~ 3.1 or
A ~56° vhich is a very low-latitude event. The planetary
magnetic disturbance index at that time was IS = 8.

From Figures 9 and 10 and fram the discussion of part I1II,
it is apparent that not only is the flux of precipitated
electrons large over an aurora, but so is the flux of electrons
moving at right angles to B’ at the satellite altitude
between ~ 250 and ~ 600 kilameters. It is generally comsidered
that if a particle mirrors at such altitudes then it is trapped
and hence, by definition, a valid comstituent of the Van Allen
radiation. But it is not at all evident that it will
necessarily bounce all the way to the opposite hemisphere,
mirror there and return again, passing unperturbed through
the regions where particles are being accelerated.

It was shown in Part III that electrons with energy
Ee ~ 1 MeV could still be trapped and essentially be unperturbed
on the field lines which were guiding centers for precipitated
electrons with Ee ~ 50 keV. This could be proven only for those

magnetic shells on which 1 MeV electrons were found in large
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intensities, i.e., around L ~ 3 to k., It was suggested that it
might hold also in small precipitation events at higher values
of L (see Part III) but it could not be proven there. Now the
fact that the flux of electrons with E > L0 keV tends to
approach isotropy over the upper hemisphere during intense
precipitation suggests that electrons with pitch angles
a ~0° and @ ~ 90° are subject to similar influences in their
latitudinal travels through the magnetosphere. But most of the
electrans with @ ~ 0° are lost in the atmosphere immediately.
So it eppears unlikely that the particles with loeal ¢ ~ 90°
could remain unperturbed and bounce to and fro in laetitude many
times while their flux was being continually augmented as more
electrons were precipitated and more were accelerated to
a ~90°, What we are suggesting is that electrons with
energy Ee ~ 50 keV can be trapped with a = 90° on a field
line before, during, and after precipitation, but different
individual electrons are involved in the three cases.

This discussion might be clarified if we chose to adopt
a model for the acceleration mechanism. For example, it could
be assumed that an electric field of some tens of kilovolts
might be temporarily established at high eltitudes parallel to
the geamagnetic field -B*. Then, as a rebuttel to those who
would suggest since it is impossible to maintain such an

electric field that it cannot exist, we would suggest that the
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very short-circuiting of such an electric field is the
precipitation phenomenon we study. Then we might set up a
transport equation with varieble perameters such as the
location and magnitude of the electric field, the temporal
bebavior of its growth, endurance, and decay, the initial
pitch-angle distribution and energy spectrum (including thermal
electronsj. As a result, we might obtain the final electron
pitcheangle distribution and energy spectrum as functioms of
time, and compare them with Injun III data. Clearly there are
s0 many varisble parameters and so mutable a model that useful
testing cannot be carried out here.

It has been suggested /€.g., O'Brien, 1963/ that in the
auraral regions the primary acceleration mechanisms which
cause precipitation also give a finite increase in the flux of
trapped particles. This speculation is discussed extensively
in Part III, and it is shown to be consistent with the cbserva-
tions mede. This leads to the implication (see Part III) that,
instead of primary Van Allen electrans being the cause of
auroras, same Van Allen outer-zone electrons are caused by the
(unknown) mechanisms that cause auroras.

It is apparent that few satisfactory conclusions can be
drawn at present about the exact interrelations of auroras and

Van Allen radiat:lon._ It is clear that the second is not the

imnadiste cause of the first. It is also clear that the Van Allen
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zone 1is bounded approximately by the same gecmegnetic field
lines that pass through the aurora. Further significant
understanding of the relatioms will follow only when more
extensive experimental ingormatim is available about the
particle dynamics, mclud:mg the dynamics of thermal electroms

and protons, at high altitudes near the boundary.
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CONCLUDING CQMMENTS

Many auroras are caused by electrons precipitated from
altitudes above several hundred kilameters. Results fram
Injun I imply that the source lies at an altitude above
1000 kn /O'Brien, 1962/. The inner (ar low-latitude) edge of
the major part of the aurora defines the ocuter (or high-latitude)
boundary of durable trapping of electrons with E > L0 keV,
and although electrons of these energies can be trapped
(perhaps for many bounces) beyond this boundary, they will be
significantly perturbed and some may be lost when a
precipitation event occurs in the same region. Most of the
auroral excitation, however, 1s judged to be ceaused by
freshly-energized electrons which were accelerated down the
magnetic field lines. The acceleration mechanism is unknown.
At altitudes from 250 km to about 600 km sbove an aurara during
intense precipitation, the pitch-angle distribution of electrons
vith E, > LO xeV tends to approach isotropy over the upper
hemisphere, and about 10% are backscattered efter being
precipitated. It is not known whether the energy spectrum i1s
a function of pitch-angle, but the evidence suggests that the
electrons causing an aurora bombard the atmosphere as an

isotroplc flux over the upper hemigphere.
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The average maximum intensity of 3914 ;\ emission in the
auroral zone over North America was sbout (2 ::.6) kilorayleighs
in the first two months of 1963. There was always same
emission, often suﬁvisual, in aurorsl regions Just as there
is always a finite flux of precipitated electrons (see Part
III). Both from optical and particle studies, it is estimated
that the average flux of particles precipitated in the auroral

zone 1s about 3 to 5 ergs cn® sec™l. The instantaneous flux

2 gec™t [MeTlvain,

occasionally is as large as 2000 ergs cm
1960; and O'Brien, 1962/.
The latitude profile of the N; 3914 A emission displayed
a maximum intensity at an average invariant latitude
A~ ~ (69 +1)° or on the magnetic shell L = (7.8 + 0.7).
There is clearly a need for further rocket and satellite
measurements to investigate the nature of the magnetospheric
boundary and the boundary of trapping, and for theoretical

treatment of acceleration mechanisms and the process of energy

transfer from the solar wind. .
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APPENDIX I

Description of the Photameters

The three photameters on Injun III are of similer
mechanical and electronilc design. Each is a self-contained
assembly, requiring only a power input fram the naminal 2k-volt
satellite battery and the naminel 6-volt satellite battery.
Each provides a pulsed or digital ocutput to the appropriaste
accumlator (see Part I). The optical system was discussed
in the text. Each photometer weighs about one pound and uses
abcut 200 milliwatts of power when the satellite is cammanded on.

A photameter 1s operated at ebout 2500 volts negative
potential, with the anode grounded. The high-voltage is
generated from a 2hk-volt D.C. supply direct fram the satellite
battery by using a D.C.-A.C. converter, a saturating-core
transformer, and a Cockeroft-Walton array. High-voltege is
regulated by a corona tube, and the variation is less than
+ 1% over a temperature range of -30° to +45° C and a
battery imput voltage range of 20 to 26 volts. These ranges
are about twice those encountered in flight,.amt so no
correction has been made specifically for voltage or
temperature effects on the high-voltage supply. In practice,
throughout this study of suroral phencamens, the steady-state
low~ and high-latitude signals have been subtracted (see text
and Appendix III).
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Since the photameters are always switched on when the
peyload is camanded to operate, they very often view the sunlit
earth or clouds, which have a brightness very much greeter than
a bright aurora. Two safeguards to avoid damege to the tubes and
subsequent increased dark current were taken. First, the dynode
resistors were chosen to be 33 Megohms, so that when the current
through the final steges of a phototube approeches the 5 micro-
amperes available in the parallel resistors, it will temd to
short cut the resistor, decrease the voltage across it, and hence
decrease the gain of the phototube. This would be of relatively
little use except thet a second step in the design was to limit
the total curremt available fram the power supply to about
20 microemperes.

As a consequence, the signal current fram the photamultiplier
is not proportional to the intensity of incident light. However,
the charucteristics of the photameters could be matched to the
phenanena being studied, so that they were linear for airglow
and weak aurcra, but non-linear far intense aurorse and,
of course, the sunlit earth.

The signal current of each photameter is fed to a
50 pupuf cepacitor which charges up to a voltage sufficiently
high to trigger a neon glow tube. The analogue signal is then
converted to a digital series of pulses, which are amplified

and shaped before being fed to the twelve-bit accurmulatars




each photameter has in each telemetry system. The counting rate
is proportional to the signal current,

Generally the two 5577 X. photameters are sampled four times
a second, and the 3914 .Z. photameter once every two seconds.
The 5577 ; emissions arise fram a parent metastable state with
a lifetime of ebout 0.75 seconds /Chemberlein, 19617 and in
general this temporel resolution is more than sufficient.

All the techniques of photameter design were proven
satisfactory by the eighteen months' flight test of the Injun I
photameter,
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APPENDIX II

Photameter Calibrations

Preﬂight calibrations were performed in the usual two-
stage procesé of first, finding the variation of counting rate
as a function of intensity on an erbitrary intensity scale and
second, determining the counting rate for known absolute
intensities. The absolute intensities discussed in this note
are expressed in units of the rayleigh /Hunten, Roach, and
Chemberlain, 1956/ corresponding for practical purposes to a

2 sec™l.

£lux of 10° photons cm
The varistion of counting rate with intensity was
derived over a range of intensities of more then one million
by placing neutral-density filters between each photameter
and a steady source of light. The polnts obtained were
reproducible within + 20%. The results were checked with a
point source of light located at varied distances fram the
photameter, so that an inverse square law could be applied.
The methods gave consistent results within the above limits.
The shape of the curves is roughly the same for each of the
three photameters. The response 1s nearly linear up to a
sharp breaking point (between 400 and 80C counts per second
depending on the unit), above which the counting rate changed

less rapidly with the same proporticmal change in intensity.



Note that & digitel system of telemetry is used, so that there
is essentially no "reading errar". For example, if 3569 counts
are accumilated in the register, precisely this number is
telemetered to the ground and printed by the camputer. With a
standard light source causing such a rate in ground checkout,
the printed mumber would vary by only one or two in several
hundreds or thousands, and by zero or one in severel tens of
counts.,

The absolute calibrations were determined before launch
by means of a radioactive standard light source from U. S. Radium
Corporation., When recalibrated in April, 1963, this had a
brightness of about 300 rayleighs per Angstrom (R/X.) in the
reglon of 5600 R Cross calibrations with a source of the
National Bureau of Standards (NBS) late in 1962 agreed with
those sbove to within 10%. BHowever a recent recalibravion
of the NBS source indicated that original values were tou large
by a factar of 5/3 /L. smith, private communicaticn/. Thus the
intensities quoted may be too large by this factor. In-flight
calibrations as yet cannot resolve this discrepancy.

The method of absolute calibration preflight was to
mount the U, S. Radium Corporation socurce on & spare optical
system, complete with a 5577 Z filter. A 4% transmission
neutral density filter was added to reduce the light level to

the linear range of the photameters. This system was substituted
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for the optical system of each photameter in turn, and the
photaneter rates were read out through the camplete telemetry,
receiving, decoding, and computer system in the usual ways,

as well as directly fram the photameters alone. Then to cbtain
ebsolute calibration of the 5577 z photometers a simple small
correction was made for the difference between the transmission
characteristics of the filters. For the 3914 Z photcmeter an
additional correction was mede, using the manufacturer's
calibration of the photamultiplier response as a function of
wavelength,

We can use the preflight relative intensity calibrations to
calculate a "true" counting rate even when the photameter is
operating in the non-linear regicn. Thus the true and apparent
rates are approximately the same for rates less than same
40O counts per second. Then the preflight absolute calibrations
showed that the number of rayleighs of the appropriate spectral
emission required to give a true counting rate of 1 count per
secand were 40 rayleighs and 4 rayleighs for the Northern
Hemisphere 5577 ;\ and 391k Z photameters, respectively. Thus
the 391k X photameter was ten times more sensitive than the
SST7 A, if it was assumed that the K emission was & line at
3914 R. In fact it is, of course, a band whose head is at
3914 ;\, and so the sensitivity of the 391k Z photameter to
the K emission will be scmewhat less than the above value

(see Figure 1 for the filter spectral passband).
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Verification that preflight calibratioms are applicable
to inflight operation early in 1963, has not yet been campleted.
Doubt that tl\'bfey can be is raised by data such as in Figure 8,
where the counting rate of the 5577 ;& photameter remains
roughly twice that of the 391k A photameter, From the above
preflight calibrations, this would imply that the intensity of
the 5577 ;\ emission was twenty times that of the "line" at
391k A, or say, ten times that of the N, band with its heed at
3914 K. Ground-based studies indicate that although this may
be about the retio found in airglow, the ratioc in aurcras is
closer to one or two [see Chamberlain, 1961; Hunter, 1955;
Bates, 1960/. If we choose the factor of two, then we have a
discrepancy between the two photameters of a factor of five,
i.e., the 391k K photameter seems to be five times less
sensitive (or the 5577 .l.\ photometer more sensitive) in flight
than the preflight celibrations would indicate. In practice
a photameter mey suffer a loss in sensitivity by a factor of
sbout five if it loses ome stage of multiplication (as did a
spare unit for the Injun I photameter during vibration tests),
but it is unlikely that a photometer would increase its
sensitivity by a similar factor.

Therefore, it appears that the most likely calibrations

for the Northern Hemisphere photameters should be teken to be:
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1 true count per L0 rayleighs of 5577 R line.

1 true cdunt per 20 rayleighs of 391k iband.

Clearly these calibrations are less than satisfactory,
and they are being refiped with later low-altitude dark passes
measuring the moon, starlight, and 5577 R. The uncertainties
are greatest with the 3914 E photometer, and for convenience
we summarize below its sensitivity calculated froam various
assumptions:

1 count/sec for 4 R from preflight tresting
-]
3914 A as a line,
1 count/sec for 8 R fram preflight treating
-]

3914 A band. .
1 count/sec for 40 R fram inflight 1 1-2TTA) _ ooy,
I (3914 a)

Hence, we adopt a calibration of ~ 1 count/sec for
(20 fl‘g) rayleighs in flight, for the 3914 X photameter,
This sensitivity estimate i1s the one used to derive
the averagemaxim\mintensityof391h;\1ntheauroral zone of
2 KR, This value is in agreement with that predicted from the
average precipitated particle flux, but the latter is an average
of such greatly varieble fluxes that it should not be considered
as accurate to better than a factor of about three {see text).
It 1s interesting to note that this same subject of the
ratio of intensities of 5577 R to 3914 Z\ in auroras has long
been a problem in ground-besed measurements /see discussion by

Bates, 1960/. Thus scme reported values of the ratio have been
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adjusted by multiplying the 3914 A cbgerved intensity by a factar
of ten. The ratio then ccmés out i:o be pear unity. It 1s
reported that the ratio is ten or mare in airglow [see dis-
cussion by Chamberlain/ end the difference fram unity is teken
to be an impcrta.nzt indication of the different origin of
auroras snd airglow. We sgree with Roach [private cammmication/
that measurement of the ratio accurately in auroras and airglow
is extremely impartant.

In summary, the only reason we have for doubting the
validity of the preflight calibrations is that they would
imply that 5577 R 1s same ten times more intense than 3914 .Z
in surcoras, and this ratio is apparently inconsistent with
previocus measurements /Chamberlain, 1961; Bates, 1960/.
Preliminary calibrations in flight using starlight /see Roach,
1956/ and the full moon indicate that the preflight calibrations
were accurate and that the sensitivity inflight was the same

as it was preflight.
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APPENDIX III

Contemination of the Photometric Studies

Ground=based auroral and airglow studies can be con-

teminated by scattered sunlight, moonlight, or man-made light,

and by starlight or other extraterrestrial light, and can be

obscured by clouds.

Satellite-based studiles cannot be obscured by clouds, of

course (although as Injun I showed enother satellite can be even

more opague). However, they can be coutaminated in many ways,

which we 1list as follows:

1.

2.
3.
L,
5.
6.

By sunlight scattering off the atmosphere or portions
of the satellite;

By similar moonlight effects;

By reflection fram the earth;

By lightning;

By men-made lights;

By x-ray bombardment of the photameters producing
enhanced "dark" current; and

By heating of the photometers producing enhanced
dark current.

We eliminated from the following studies the first effect

by ccnsidering data only when the sun wes at leact 18° below the



horizon of the subsatellite point and when the satellite itself
wvas in the shadow of the earth,

We minimized the second effect by considering data
general:q.y fram periods when the moon was less than oneequarter
full.

The earth reflects same 50% of light incident on it if
it is snow or cloud covered, thus the reflection of auroral 1ight
mey increese the intensity cbserved by the photaneters by almost
50%. Variations in the reflectivity can then cause distortions
of the intensity profile of the aurora. Reflected starlight is
negligible since the starlight itself 1s negligible.

The resclution of the telemetry and concentration on
Arctic pesses are sufficient to exclude significant contemination
by lightning.

We excluded the fifth effect by comsidering for low-.
intensity studies, only data acquired over regions of low-
population density, such as the Hudson Bay, In eny event,
man-made lights pi'oduced a distinctive small and brief effect,
which could be proven to be man-made by simply referring to the
ephemeris and checking whather a city was at the base of the
megnetic field lire along which the satellite was pointed.

This eerved a useful purpose also in checking the accuracy of
the N.A.S.A. orbit, since the locations of such cities as New

York are known accurately. Figure 3 shows a typical exemple of




kg

the detection of New York in a northbound pass which then took
the satellite over Boston. It is clear fram this figure that
the lights of Boston are less intense than those of Rew York
at 2 a.m., as one would expect.

This figure is also a typical exsmple of the sixth
effect, the enhanced "dark" current of a photometer due to its
previous bambardment by x-rays or electrons, and the gradual
recovery of the "dark" current to normal. In anticipation of
this effect, we endeavored to minimize it by encasing the
photamultipliers in lead 0.010 inches thick. We then experi-
mentally determined the quantitative effects of x-ray bambardment
by subjecting the flight-unit photameters to x-ray beams of
varying intensities over energles varied from 40 keV to
250 keV, For example, a flux of order 10° em? sec™t of
100 keV electrons is needed to give a photameter signal of
the same megnitude as that given by 5577 .Z airglow. From
similar calibratiomns of particle detectors on the satellite,
one can conceivably estimate the actual effect of a given
exposure in flight., However, in practice we have not dome this.
The great ellipticity of the orbit has increased the x-ray
exposure to such a level on occasions that, even minutes
later (as in Figure 3) the dark current has not recovered to

normal .,
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In practice we determine fram the upward-pointing
photameter(s) in each case whether there is any such x-ray
effect, and do not use data at such times. The altitude at
which the satellite most recently passed through the artificial
belt is known in each case, as is the elapsed time since it
made such a passage, and so by choosing passes when the former
number is small and the latter large, one can study low-
intensity phenomena.

The seventh effect is minimized by our thermal control of
the satellite /O'Brien et al., 1963/ which kept the temperature
of the photcmeters between about 4° C and 28° C. In addition,
since photametric data were obtained when the satellite itself
was in the earth's shadow and bhence cold, the dark currents
were low at times of interest. Furthermore, the temperature
of one of the photameters is measured every four seconds in
System A, and one can then quentitatively estimate the dark
current, |

The major contamination of our data, and the ieast
amensble to quantitative estimation, has been the long-—durafion
effects of x-ray bambardment in the artificial radiation belt.
In this note we consider only aurcras, rather than the weaker
airglow, and since the electron fluxes causing these auraras

are relatively soft, they do not themselves produce any
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instantaneous much less any lang-lived enhancement of the photo-
meter signals through direct bambardment of the photameters.
This can be shown quantitatively in every case by studying the
upward-locking photameter. For example, see text for discussion
of two passes where the change in signal from the upward point-
ing detectar was less than 0.1% of that of the others. Further-
more, the auroras are relatively btright and they produce a
photameter signel large coampared with the dark current. For
quantitative study here, the plateau dark current both on
the low-latitude side and on the high-latitude side of each
auroral event is subtracted from the signal in the auroral
event, Thus, not only dark current but also airglow effects
are subtracted, leaving essentially the pure auroral effect.
This technique is discussed and illustrated for particular
events in the text (e.g., see Figure 3).

The photameters recover to dark current within less than
a second after viewing a bright aurora. They take tens of
minutes to make a similar recovery if they were switched on
and viewed the sunlit earth. 1In all this study, any such
effects have been eliminated by subtraction of the "back-

ground" signal, as discussed above.
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FIGURE CAPTIONS

1. Spectral resolution of the three multilayer inter=
ference filters for 1ight at normal incidence.

Detectors 16 and 17 point down end detector 18 points up
in the Northern Hemisphere,

2. Angular field of view of a typicel Injun III photo-
meter. All photometers have similer optical systems.
Note the logarithmic >sca.1e of the relative response.

3, Counting rate of the 3914 Z. photameter in an
oriented northbtound pass over North America. This shows
the recovery of the dark current after intense x-ray
and electron bambardment in the Starfish artificial
radiation belt, a small increase at 06.39 U.T. as the
megnetic aip is such that the photameter views the
horizon, and then the response to lights fram two
cities. The light fram New York can be estimated

fram the dotted minus the dashed line. Each dot is &
measured point. _

4, Three sample latitude profiles of 391k K light.
The plotted rates are those obtained after an
interpolated background bas been subtracted (see

Figﬁre 3). The intensity corresponding to 50 counts
per frame is sbout (4 :§5) kiloi'ayleighs (see

Appendix II).
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Figure 5. Intensityof391h£wrormllightaveragedover
four seconds at half-integral values of L in about
fifty passes early in 1963. In each case the background
signal has been subtracted (see text). The vertical
scale is that derived from calibrations assuming a
sensitivity of 20 R per count/sec /see Appendix II/.
The visual threshold shown is at 500Rof3911+;&,
carresponding to 1 KR of 5577 ;x on the sbove calibratiocns.
This 1sthe1ntmsityof5577;1nanm01mm.

Figure 6. Sumary of 3914 A eurcral data from Figure 5.

The curve plotted fram Vestine [194L/ for visual
observations is plotted here as if gecmagnetic
latitude and invariant latitude are the same.

Figure 7. Sketches of two surarss mapped om;bythesswi
photometer in two successive passes over North America.
Note the size of the area viewed by the photameter, and
also the constant intensity of 5577 Z airglow observed
on the low- and high-latitude portions of the passes
away fram the aurcoras. The intensity corresponding
to sbout 50 counts per freme is sbout 8 kilorayleighs.
Visual threshold is about 6 counts per frame.

Figure 8. Relative counting rates of 5577 lol and 391k .l.i
photameters plotted for each interval of two seconds

during the aurcras of Figure 7. The background counting
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rate (due to airglow plus dark current) was subtracted
before the points were plotted. The line has a slope
of 45°, and correspands to the brightness of 5577 R
in reyleighs being twice that of 391k A [see

Appendix II/.

Figure 9. Data fram a northbound pass of Injun III over

North America, which shows simultanecus detection of an
aurare, of the precipitated electrons (with a = 50°)
partially responsible for causing it, and of trapped
electrans. Note the approach to isotropy of the
particle flux over the aurora. No attempt has been made
to subtract the low-latitude contamination of the
photameter signal, part of which was the detection of
Cleveland, Ohio and its surroundings. Not all the
detailed rapid variations of particle fluxes are shown.
The preliminary intensity scale of the photameter 1is
that derived fram a sensitivity of 4 R per count/sec,

and 1t is 1ikely to be low /see Appendix II/.

Figure 10. Similar to that of Figure 9, except that the flux of

electrons with pitcheargle a ~ 0° is plotted in place
of the flux with a ~ 50°, and that a correction to the

photameter signal has been made for background.
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TABLE I

Characteristics of Injun TIT Photameters

etectar | Uercleghof | Origlnof | Vierlng Direction
Mmber 16 5577 A [o 1] Down

Fumber 17 3914 A N,: Down

Rumber 18 S5T7 A fo 1) Up




